Summary: Three methods for determination of ammonia in saliva are reported. The indophenol method on diluted saliva has the best precision (coefficient of Variation 0.8%) and the lowest reagent cost. The ammonium electrode method is the quiekest, but it requires simultaneous determination of the potassium content of the specimen. The enzymatic method gives the same result äs the electrode method, but is more expensive. Deproteinisation proved not to be necessary. In one hour 10, 20 or 40 determinations can be performedVith the enzymatic, indophenol-or the electrode method, respectively.
Introduction
In the past few decades, salivary ammonia has received much attention in dentistry äs it might have a röle in prevention of caries (1) . Salivary ammonia has been investigäted in patients with chronic renal Hisufficiency, where it was found to be elevated (2) .
The ammonia content of saliva is incfeased by bacterial hydrolysis of urea in salivary glands and oral cavity (3) . Saliva must therefore be collected while it is flowing rapidly ( * §. after chewing gum) from a clean mouth.
The determination of ammonia in saliva has been described using aeration (4), ion-exchange chromatography -i.e. the method ofFolin-Bell -(5-10), microdiffusion (l, [11] [12] [13] , distijlatipn in vacuo (14) and common distillation (15, 16) .
We have tried to develop simple methods for the 'determination of ammonia in saliva. Berthelofs indophenol reaction (17) was used after manifold dilution of saliva, to eliminate the effect of Inhibitors (18, 19 ). An ammonium electrode method (20) was also tested. Lastly, the use of an enzymatic method (21) , based on the conversion of 2-oxoglutarate and NH/ to L-glutamate, was investigäted. As deproteinisation might have an §ffect on the ammonia level measured, we tested both uranylacetate and trichloroacetic acid.
The preservation of saliva for ammonia determination has been dealt with elsewhere (22) .
Materials and Methods
Twice distilled water was used throughout. Fresh saliva was obtained after chewing gum, followed by thorough rinsing of the mouth with water. The determinations were peiformed on freshly voided saliva samples. Because of the high ammonia content of saliva» manifold dilution (1:100) was nccessaxy for the indophenol and enzymatic methods. The electrode method needed dilution of the saliva sample to obtain enough volume for measurement. 
Ammonium electrode method Apparatur 10 ml glass beakers; ammonium electrode (Philips IS560-NH4); reference electrode (Philips R44/2-SD/1); pH electrode (Philips C13-NS); digital Voltmeter (Philips PW9414); flame photometer (Corning 450).
Characteristics ofthe ammonium electrode
Beyond pH 7 the electrode shows a decline in potential (the pH of saliva is 6). Over a 24 hour period the drift of the potential, using a l mmol/1 NH 4 Cl solution, was 3.5 mV. The electrode stability was better with water than with a buffer solution.
The electrode response time (24) Reaction mixture: 20 ml C, l ml D, 2 ml E, l ml F and 6 ml water. Reagent blank (RB): water. Procedure 1. l ml saliva is diluted with water l: 100. 2. 2.5 ml of the reaction mixture is pipetted into a cuvette and 0.5 ml diluted saliva or 0.5 ml reagent blank is added, mixed and the absorbance AI is measured after 10 minutes followed by 3. addition of 20 μΐ of solution G and mixing. 4 
Procedure
Saliva was deproteinized by trichloroacetic acid or uranylacetate 1+1. The sediment was negligible. After centrifugation the ammonia concentration was measured in the supernatant fluid using the indophenol and electrode methods s described above and the results were compared with those of non-deproteinized specimens.
Statistical analysis Statistical analysis was performed using the Wilcoxon signed rank test (25) . A difference was accepted to be significant at the p < 0.05 level.
Results

Precision
The ammonia content was determined twenty times in one diluted saliva sample. The results are given in table l. Precision was best with the indophenol method.
Ammonia and potassium in saliva pf healthy controls . Ammonia and potassium were determined in saliva samples of 23 ammonium concentration was about 4 and the median of potassium concentration about 18 mmol/l (flame photometry). There was no difference in results between the potentiometric and enzymatic methods (p = 0.2), while a higher concentration was measured with the indophenol method (p < 0.005).
Recovery Saliva was diluted 1:10 with Standard ammonia Solutions containing 0.5 and l .0 mmol/l, which resulted in an addition per sample of 4.5 and 9.0 μπιοί respectively. The ammonia concentration then was determined with all three methods in samples from the same 23 healthy controls (tab. 3). The recoveries with the indophenol method were higher than with the potentiometric and enzymatic methods (addition of 4.5 μπιοί ρ < 0.005 and of 9 μπιοί p < 0.02). There was no difference in recovery between the potentiometric and enzymatic methods (addition of 4.5 μπιοί ρ = 0.6 and of 9 μπιοί p = 0.9). A small but significant difference was found between the 4.5 and 9.0 μπιοί additions when the indophenol method was used (p < 0.0001).
Tab. 3. Recoveries of ammonium added to saliva (n = 23) using three methods.
Method
Indophenol Electrode 
Discussion
Determination of salivary ammonia with one of these three methods is far easier than using any of the older procedures; The performance of all three methods is sufficient, but thb indophenol method on diluted saliva has a better precision than both potentiometric and enzymatic methods and therefore is the method of choice for research work.
Some economical aspects are summarized in table 5. The electrode method is rapid and cheap when large numbers of determinations have to be performed over a short period (the operational life of the membrane is ab out 4 weeks). The enzymatic method is the most laborious and expensive of the three. Äs the largef pärt of the equipment used will be avaitable in a routine clinical chemistry laboratöry, the cost of apparätus has not been included in our considerations. 
